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Abstract 
Herein a new approach for the application of wastewater nutrients for the 
cultivation of cyanobacteria or microalgae is described. Natural zeolite was used as 
medium for the sorption of ammonia from wastewater and subsequently as 
nitrogen releaser in cultures of Arthrospira. platensis. The main scope of the present 
approach was to isolate ammonia from the wastewater and to transfer it into the 
culture medium excluding thus the suspended solids, the dissolved colored 
compounds or any other possible contaminant of the wastewater. The results 
demonstrate that the indirect use of ammonia derived from wastewater using 
zeolite as sorption and releasing medium for the cultivation of A. platensis is 
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promising. This is the first time that a medium was used for indirect application of 
wastewater nutrient for the production of cyanobacterial or microalgal biomass. 
 
Keywords: Ammonia inhibition; A .platensis; biomass; cyanobacteria; microalgae; 
wastewater; zeolite 
 
1. Introduction 
Microalgae and cyanobacteria are a massive source for various compounds which 
could be used in the food, pharmaceutical, industrial and bio-energy sector. 
Microalgae and cyanobacteria are photosynthetic microorganisms that utilize solar 
energy and along with several elements (N, P, C etc.) synthesize valuable organic 
molecules, such as proteins, lipids, pigments etc. (Gouveia and Oliveira, 2009; Mata 
et al., 2010). 
Nitrogen is the second most abundant element in microalgal and 
cyanobacterial biomass (Grobbelaar, 2004) and represents a major cost for biomass 
production (Borowitzka and Moheimani, 2013). A strategy to decrease the 
application of nitrogen is to use wastewater streams (Park et al., 2010; Park et al., 
2011). However, various types of wastewater and especially from the agro-
industrial sector contain relative high concentration of ammonia, which is known to 
be inhibitory to microalgae and cyanobacteria. Ammonia above a specific 
concentration can have inhibitory or even detrimental results to the cells (Azov and 
Goldman, 1982). Anaerobic digestion is a widely used technology for wastewater 
treatment and the digested effluents are suggested as potential source of nutrients 
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for microalgal and cyanobacterial biomass production (Singh et al., 2011; Wang et 
al., 2010). During the anaerobic digestion a fraction of the organic matter is 
microbiologically converted to inorganic forms, including ammonia which is the 
degradation product of the nitrogenous organic compounds. Anaerobically digested 
wastewaters contain frequently ammonia above 2 g l-1 (Yenigün and Demirel, 2013). 
Moreover, beside the high ammonia content wastewaters from the agro-
industrial sector contain considerable amounts of suspended solids and dissolved 
colored compounds, which reduce the light penetration into the culture resulting in 
a decrease of growth rates (Depraetere et al., 2013). Furthermore, the production of 
microalgal or cyanobacterial biomass contaminated with solids of the wastewater 
raises questions about the ability of using this biomass for several industrial 
applications. Additionally, wastewaters might contain several biological 
contaminants which could negatively affect the microalgal or cyanobacterial 
cultures (Wang et al., 2013). Therefore in some cases an indirect way of applying 
wastewater nutrients may be desirable. 
Zeolite is used traditionally in agriculture as soil conditioner and as nitrogen 
retaining medium for nitrogen fertilizing improvements (Polat et al., 2004). Zeolite 
has a high cation-exchange capability and is therefore capable of adsorbing 
ammonia (in particular the protonated form (NH4+)) and thus it has been suggested 
to be used for wastewater treatment, lowering their ammonia load (Wang and Peng, 
2010). Some researchers have also suggested applying zeolite for ammonia sorption 
in order to mitigate its inhibitory effects on the anaerobic microorganisms during 
the anaerobic digestion (Milán et al., 2001). More recently, zeolites are suggested to 
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be used as supplement to the cultivation medium for growth stimulation of silicon-
demanding marine micro-algae, such as diatoms (Fachini and Vasconcelos, 2006). 
However, to the best knowledge of the authors, no previous study exists, in which a 
sorption medium like zeolite was investigated to be used for wastewater nutrient 
sorption and subsequently as nutrient releaser in cultures of microalgae or 
cyanobacteria, taking possibly advantage of the isolation of nutrients and their 
transferring from the wastewater into the culture medium. Aim of the present study 
was to examine and demonstrate the capability of zeolite as an indirect way of 
applying wastewater nutrients for microalgal and cyanobacterial biomass 
production. 
 
2.1 Microorganism 
The cyanobacterium Arthrospira platensis SAG 21.99 used in the study was obtained 
from SAG (Sammlung von Algenkulturen der Universität Göttingen). The inoculum 
for the experiments was prepared by the cultivation of A. platensis in Zarrouk 
medium under 60 μmol photons m-2 s-1 light illumination. As inoculum, cells in the 
exponential growth stage were used. The Zarrouk medium had the following 
composition: 16.8 g l-1 NaHCO3, 2.5 g l-1 NaNO3, 0.5 g l-1 K2HPO4, 1.0 g l-1 K2SO4, 1.0 g 
l-1 NaCl, 0.04 g l-1 CaCl2, 0.08 g l-1 Na2EDTA, 0.2 g l-1 MgSO4·7H2O, 0.01 g l-1 
FeSO4·7H2O and 1.0 ml of trace elements: 2.86 g l-1 H3BO3, 0.02 g l-1 (NH4)6Mo7O24, 
1.8 g l-1 MnCl2·4H2O, 0.08 g l-1 Cu2SO4 and 0.22 g l-1ZnSO4·7H2O. 
 
2.2 Experimental set-up 
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2.2.1 Enrichment of zeolite with ammonia 
The enrichment of the natural zeolite with ammonia was made by the addition of 
150 g of zeolite in one liter of either synthetic wastewater or real wastewater. The 
natural zeolite used had its origin from Serbia and was of the type clinoptilolite with 
purity of 92–94%, having the following chemical composition (as given from the 
supplier): SiO2 64.88%, Al2O3 12.99%, CaO 3.26%, Fe2O3 2.00%, MgO 1.07%, Na2O 
0.95%, K2O 0,89%, TiO2 0,37%. Some of the physical properties of the zeolite are: 
bulk density: 1,42 g cm-3, porosity: 45–50%, hardness: 3 – 3,5 Mohs, and its total 
cation exchange capacity: 1,85 – 1,92 meq g-1. The zeolite used in the study had a 
particle size of 4-6mm. 
The artificial wastewater had the following composition (modified from He et 
al. (2005)): NH4Cl 3000 mg N l-1; K2HPO4 100 mg P l-1 ; CaCl2 2H2O, 150 mg l-1; KCl, 
300 mg l-1; NaCl, 300 mg l-1; MgSO4 7H2O, 1630 mg l-1 and 1 ml l-1 trace metals (see 
Zarrouk receipt). Real wastewater (effluents from anaerobically digested poultry 
manure) had an ammonia concentration of 7430 ± 49 mg l-1 (n=3). Beside the very 
high ammonia concentration, the effluents were brown-dark colored with total 
dissolved and suspended solids content of 3-3.5 % (w/w). 
For the ammonia enrichment process, the pH of the real and the synthetic 
wastewater was adjusted to 8. The amounts of zeolite (150 g l-1) used for the 
enrichment was selected so that at the end of the enrichment process not all 
ammonia would be removed in order to ensure that the zeolite adsorbed ammonia 
at the maximum of its capacity. 
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The enrichment of the zeolite was conducted in sealed 2 l conical flasks 
which were placed on an agitation plate and were agitated overnight at room 
temperature. The ammonia sorption (enrichment) onto zeolite was calculated as the 
difference between the initial ammonia concentration in the wastewaters and their 
ammonia concentration after 24 h. The zeolite prior to the experiments was rinsed 
several times with DI water to wash-out unwanted particles. 
 
2.2.2 Ammonia desorption kinetics 
In a series of experiments the ammonia desorption kinetics of the ammonia-
enriched zeolite (AEZ) were investigated. AEZ was placed in modified Zarrouk 
medium (without NaNO3) in concentrations of 10, 25, 50 and 100 g l-1. Samples of 40 
ml were placed in 50 ml plastic centrifuge tubes and agitated by an agitation plate. 
Desorption of ammonia from zeolite to the solution was calculated as follow: 
 
               
                               
           
*100 
 
where “AEZ ammonia” is the amount of ammonia bounded in the zeolite and 
“ammonia in solution” is the ammonia concentration measured in the modified 
Zarrouk medium at time t. The pH of the modified Zarrouk medium was not 
adjusted and was 8.6-8.7. 
 
2.2.3 Cultivation of A. platensis 
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After the ammonia enrichment the AEZ was washed 3 times with 500 ml DI water 
each time, in order to ensure that the ammonia for the cultivation of A. platensis 
derived from the zeolite and not from wastewaters residuals. Zeolite was added to 
the cultivation medium wet and its expression in dry weight was based on its water 
absorption capability which was measured to be 63.04% ± 0.47% (n=3; dried at 105 
°C overnight). The wet AEZ was added to already inoculated with A. platensis 
cultures. Due to gravity zeolite settled to the bottom of the PBR. 
A. platensis was cultivated in batch mode in the modified Zarrouk medium. 
The modification of the medium refers to the replacement of NaNO3 with AEZ as the 
nitrogen source. Four concentration of zeolite was used, namely 10, 25, 50 and 100 
g l-1. 
The experiments were carried out in 250 ml semi-closed photobioreactors 
(PBR). The working volume was set on 150 ml. The cultures were aerated, in order 
to be agitated, with filtered air provided by a membrane air pump. The cultivation 
was carried out in air-conditioned room and culture temperature was kept constant 
at 30 °C (± 2 °C). Light intensity was set at 100 μmol photons m-2 s-1 (measured in 
the middle of the PBR) and was provided continuously through a 57W fluorescence 
tube-lamp on the one side of the PBR. Runs were carried out in duplicates. 
 
2.3 Analytical methods 
Dry algal biomass was measured indirectly by spectrophotometry at 560 nm. 
Chlorophyll was determined spectrophotometrically after extraction in hot absolute 
methanol. Proteins were determined according to the Lowry method using bovine 
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albumin as standard. Total lipids were determined according to the sulfo-phospho-
vanillin reaction method, after lipid extraction with the Bligh and Dyer method 
using triolein as standard. Carbohydrates were determined by the phenol-sulfuric 
acid method using D-glucose as standard (for references about the analytical 
methods see Markou et al. (2012)). All biomass composition analyses were 
performed after the washing of the samples for several times with DI water. 
Ammonia was measured with the phenate method according to Solorzano (1969). In 
the present study, with the term ammonia the total dissolved ammonia is meant, i.e. 
the sum of the protonated NH4+ and free NH3 ammonia species concentration, which 
their ratio is determined by the pH values of the solution (pKa≈9.25). All 
spectrophotometric determinations were carried out on a Dr. Lange, Cadas 30 
(Germany) spectrophotometer and analyses were carried out at least in triplicates. 
 
2.4 Ammonia recovery calculations 
The amounts of ammonia (mgN) that was taken up by A. platensis was 
assumed to be equal to the biomass nitrogen content, which was calculated in the 
basis of the biomass protein content divided by the factor 5.95 (González López et 
al., 2010). Ammonia recovery was calculated according to the following equation: 
                 
                
             
 
Explicitly, ammonia recovery was the ratio of ammonia taken-up by A. 
platensis and the amount of ammonia added to the cultures as AEZ. The ammonia 
recovery was expressed as mgN taken-up per gN of added ammonia. 
Specific ammonia uptake was calculated according to the following equation: 
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Explicitly, specific ammonia uptake was the ratio of the taken-up ammonia 
per g of biomass and g of added AEZ. In the calculations the losses of ammonia by 
stripping were not included. 
 
3. Results and discussion 
 
3.1 Ammonia sorption onto zeolite 
Zeolite is suggested to be used for ammonia and/or phosphorus sorption to treat 
wastewaters (Wu et al., 2006). In the present study it was aimed to investigate the 
simultaneous sorption of nitrogen and phosphorus from anaerobically digested 
effluents. However, it was observed that maximum phosphorus sorption onto the 
zeolite used in this study was very low (103 ± 6 μg g-1) and therefore no further 
investigation were performed for phosphorus applications through zeolite sorption. 
Ammonia enrichment process showed that the ammonia sorption onto 
zeolite was 6.89 ± 0.64 and 8.89 ± 1.84 mgN g-1 of zeolite for synthetic and real 
wastewater, respectively. This difference probably was due to the overall different 
chemical composition of the two wastewaters, and mainly due to their difference on 
the organic load, resulting thus to different ammonia adsorption degrees (Huang et 
al., 2010; Wu et al., 2006). The ammonia amounts adsorbed by the zeolite in this 
study are inside the range of reported values in the literature, which range from 
about 3 to 26 mgN g-1. This wide range of values reported are due to the fact that 
ammonia sorption degree is not only affected from the chemical composition of the 
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ammonia solution, but it is also affected by the type of zeolite (natural or synthetic) 
and their origin, having diverse adsorption capacities (Wang and Peng, 2010). 
 
3.2 Desorption of ammonia 
Desorption kinetics of ammonia were performed in order to investigate the rate of 
ammonia release from zeolite into the cultivation medium. One of the main 
hypotheses of the present study was that zeolite could act as a slow nitrogen 
releaser taking possible advantages. However, ammonia was relative fast released 
to the cultivation medium. In the first 15 minutes almost 50% of bounded ammonia 
was released to the medium, while after 120 minutes about 80% of the bounded 
ammonia was released to the medium reaching also the highest desorption 
capability. The zeolite concentration had no effect on the ammonia desorption 
kinetics. The same desorption kinetics as the AEZ from real wastewater were 
obtained also with AEZ from synthetic wastewater (data not shown). 
It is known that natural zeolites (clinoptilolites) have a selectivity for the 
adsorption of cations, with the following sequence: K+ > NH4+ > Na+ > Ca2+, 
Mg2+(Kithome et al., 1998). Zarrouk medium contains adequate amounts of 
potassium, a fact that explains the observation that ammonia was fast released to 
the cultivation medium. That means that zeolite, at least in solutions such as 
Zarrouk medium which contain adequate amounts of potassium or any other 
exchangeable cation, cannot be considered as a slow nitrogen releaser. 
 
3.3 Cultivation of A. platensis using untreated zeolite 
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To examine the effect of the zeolite per se on the cyanobacterial cells, A. platensis 
was cultivated in Zarrouk medium (with NaNO3 as nitrogen source) supplied with 
untreated zeolite in concentration of 10, 25, 50 and 100 g l-1. As shown in Figure 1, 
the presence of zeolite inside the cultures affected the growth capability of A. 
platensis. However, the only significant decrease in growth was observed when 
zeolite concentration was in its highest level (100 g l-1), while the differences of 
lower zeolite concentrations with the control cultures (without zeolite) were low 
and gradually lowered as the concentration of added zeolite decreased (Figure 1). 
The growth decrease perhaps was a result of the cation-exchanging activity of the 
zeolite, i.e. the adsorption or liberation of trace metals from and on the cultivation 
medium (Fachini and Vasconcelos, 2006) in concentration which might inhibited 
the growth of A. platensis. However, the results show that zeolite can be added to the 
Zarrouk medium up to 50 g l-1 without to cause per se a significant decrease of A. 
platensis growth. 
 
3.3 Cultivation of A. platensis using ammonia-enriched zeolite 
To investigate the capability of A. platensis to be cultivated in medium supplemented 
with AEZ, four AEZ concentrations were used, namely 10, 25, 50 and 100 g l-1. The 
different amounts of AEZ added to the modified Zarrouk medium (without NaNO3) 
did not affect the pH of the medium, probably due to the fact that Zarrouk medium is 
strongly buffered because of the high concentration of soda bicarbonate and the 
subsequently formation of bicarbonate-carbonate buffer. After the addition of AEZ 
the cultivation media had an initial value of 8.6-8.7 for all cultures. However, during 
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the cultivation the pH values increased with time, due to photosynthesis and 
reached 9.5 and above. 
As shown in Figure 2, after the addition of AEZ, A. platensis was negatively 
affected, a phenomenon which however was not observed in cultures with the 
addition of untreated zeolite (data not shown). It was observed in a macroscopic 
level that immediately (couple of minutes) after the addition of the AEZ the biomass 
began to be attached and adsorbed onto the surface of the zeolite, resulting thus to a 
decrease in the concentration of the suspended biomass (Figure 2).The attached to 
the zeolite biomass was re-suspended during the cultivation period, however a 
portion of the biomass was still attached in the surface of zeolite. The decrease in 
the suspended biomass of A. platensis was gradually and increased as the AEZ 
concentration increased. Since, this behavior of A. platensis was not observed in 
cultures with the presence of untreated zeolite, it is assumed that the biomass 
adsorption onto zeolite was due to the bounded ammonia onto zeolite and not due 
to the zeolite per se. It is supposed that in the cultures with AEZ some form of 
chemotaxis was occurred, by which A. platensis was directed and attached to the 
surface of AEZ in order to take up the bounded ammonia. It is displayed that some 
cyanobacteria and microalgae are significantly attracted by and motivated toward 
to nitrogenous compounds and in particular    
  (Sjoblad and Frederikse, 1981; 
Willey and Waterbury, 1989). However, some chemical interaction between the 
exchangeable bounded ammonia and cell walls of A. platensis could be also occurred 
resulting to the sorption of biomass onto AEZ. This point needs more investigation. 
120 min after the inoculation the growth of A. platensis was revived, except in runs 
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with 100 g l-1 AEZ which were absolutely inhibited (Figure 3), indicating that in 
these cultures ammonia acted toxic with detrimental results to the cells. 
Concerning the relative fast ammonia release from the zeolite onto the cultivation 
medium (see section 3.2), growth of A. platensis was gradually inhibited by the presence 
of ammonia. Due to this, the lag phase of A. platensis was gradually increased as 
zeolite concentration increased, except in run with AEZ 10 g l-1. In this AEZ 
concentration no lag phase was observed, probably due to that the released 
ammonia concentration was low and did not inhibit significantly the growth of A. 
platensis. The concentration of the released ammonia in the cultures with 10 g l-1 AEZ 
was about 54 and 69 mgN l
-1
, from synthetic and real wastewater, respectively 
(calculated based on the amount of bounded ammonia in AEZ and 78% desorption). At 
these relative low ammonia concentration the decrease in the photosynthetic capacity of 
A. platensis is expected to be less than 30% (Belkin and Boussiba, 1991). The growth 
rates of A. platensis for the first 24 hours of cultivation with 10 g l-1 AEZ from 
synthetic and real wastewater were equal or even higher (0.053 h-1 and 0.057 h-1, 
respectively) than the growth rate of the control run without zeolite (0.053 h-1) and 
with untreated zeolite (0.046 h-1). However, the highest growth rates observed (for 
72 hours of cultivation) were in cultures with AEZ of 25 g l-1. 
The specific cultivation conditions (light intensity, temperature etc.) of the 
present study could support biomass density over 1100 mg l-1 after 72 hours of 
cultivation as was obtained in control runs (with NaNO3 as nitrogen source and 
without the presence of zeolite). The lower biomass density obtained using zeolite 
indicates that beside the ammonia inhibition a limitation in the growth capability of 
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A. platensis was occurred and it seems that the main limitation factor that affected A. 
platensis growth was the nitrogen supply. Based on the biomass composition 
analyses (Table 1), A. platensis was nitrogen starved; in all runs, except control 
runs, the biomass was rich in carbohydrates, a fact that indicates that the cultures 
were indeed nitrogen starved (van Rijn and Shilo, 1986). The nitrogen starvation is 
assumed to be occurred due to ammonia losses (stripping) from the medium during 
the cultivation. Ammonia losses in A. platensis cultures due to high pH values of the 
cultivation medium (over 9.5) can be as high as 80% and are higher as ammonia 
concentration in the medium increases (data submitted for publication elsewhere). 
It is assumed that the cells of A. platensis were negatively affected by the released 
from the zeolite ammonia resulting to a lower growth and lower ammonia uptake 
from the medium. At that point the released ammonia was lost by stripping owing 
the high pH (8.6-8.7) and the aeration of the cultures (Pouliot et al., 1989) and its 
concentration was gradually reduced. The reduced ammonia concentration resulted 
to the reducing of the ammonia inhibitory effect on cells and subsequently growth of 
A. platensis was revived. However, the ammonia concentration left in the medium 
was not enough to support biomass production causing a nitrogen limited growth of 
A. platensis. 
Between runs with AEZ from synthetic and real wastewater, the growth was in 
general more smoothly and maximum biomass production and growth rates were 
higher when zeolite was enriched from real wastewater (Figure 4; Table 2). This 
might be attributed to the presence of the organic matter in the wastewater, which 
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during the process of zeolite enrichment caused a decrease of the toxic activity of 
some compounds of the zeolite (Lin et al., 2012). 
The presence of suspended solids or dissolved colored compounds in the 
wastewater is proven that reduces the light penetration inside the culture affecting 
negatively the growth of A. platensis (Depraetere et al., 2013). Thus, a potential 
benefit of the indirect application of wastewater nutrients and their separately 
transferring from the wastewater into the culture medium is the overcoming of this 
growth limitation. Also, a potential benefit of the proposed method is that unwanted 
contaminants (suspended particles, various toxic compounds or biological 
contaminants) are not transferred from wastewater into the cultures. This perhaps 
results to the production of biomass for human consumption or any other 
application which presupposes quality biomass. However, this point needs more 
research. 
 
3.4 Ammonia recovery 
The maximum ammonia recovery obtained in the present study was in cultures with 
AEZ of 10 g l-1 derived from synthetic wastewater and amounted 362 mgNtaken-up 
gNadded-1 (Figure 5). However, as shown in this figure ammonia and specific 
ammonia recovery in all cases had almost the same trend and decreased as AEZ 
concentration increased. As was mentioned above, it is apparent that the increase of 
AEZ concentration caused a gradual ammonia loss and consequently the recovery of 
ammonia from AEZ decreased as AEZ concentration increased. A probably strategy, 
which has to be proved in future work to overcome this issue, is the gradual 
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addition of AEZ to the cultures, on the one hand to reduce the ammonia inhibition 
and on the other hand to reduce ammonia losses. 
A significant issue for choosing and using media for indirect application of 
wastewater nutrients, beside their cost, is their sorption and desorption capability. 
High sorption and desorption capability would mean that less amounts of the 
medium will be used reducing perhaps the overall costs (initial and process costs). 
Also a significant characteristic of the medium should be the capability to be 
regenerated (Cyrus and Reddy, 2011; Kithome et al., 1998) so that it can be reused 
for several cultivation cycles. 
There are several wastewater treatment methods (De-Bashan and Bashan, 2004; 
Renou et al., 2008; Saracco and Genon, 1994) by which the removed nutrient could 
be used to fulfill the needs for microalgal or cyanobacterial biomass production 
through an indirect way as is suggest in the present work. For example struvite 
(magnesium ammonium phosphate) which is a product of the precipitation of 
ammonia and/or phosphorus could be used as fertilizer (De-Bashan and Bashan, 
2004; Renou et al., 2008). Also there are plenty of substrates that are studied for 
nutrient removal from wastewater (Johansson Westholm, 2006; Wang and Peng, 
2010), which however have to be evaluated for their capability to be used as media 
for indirect application of nutrients for microalgal or cyanobacterial biomass 
production. 
The results of the present study suggest that A. platensis cultivation using an 
indirect way of applying wastewater nutrients is demonstrated successfully. This is 
the first report of such an approach and further studies are needed for the 
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optimization of such a system. For further work it is suggested to screen and find 
adsorption media capable to adsorb and desorb adequate amounts of nutrients, 
which could support the production of satisfactory amounts of microalgal or 
cyanobacterial biomass. 
 
4. Conclusions 
This study demonstrated the “proof of principle” for the indirect use of ammonia 
derived from wastewater through its adsorption onto zeolite for the cultivation of A. 
platensis, eliminating the contamination of the cultures from unwanted matter of 
the wastewater. The maximum recovery of ammonia reached about 35%, however 
it seems that ammonia stripping was occurred and significant amounts of ammonia 
were lost, resulting to the production of nitrogen starved biomass. This is the first 
time that a medium was used for indirect applying of wastewater nutrient for the 
production of microalgal or cyanobacterial biomass. Further study is needed for the 
optimization of such a process. 
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Table and Figure captions 
Table 1. Biomass composition of A. platensis cultivated with ammonia-enriched 
zeolite (n=6; ±SD). 
 
Table 2. Growth rates (μ, h-1) of A. platensis cultivated under various concentration 
of untreated and ammonia-enriched zeolite. Growth rates were calculated for 
cultivation period of 72 hours ((± SD%) 
 
 
Figure 1. Biomass production of A. platensis cultivated in Zarrouk medium with 
the presence of various concentrations of untreated zeolite. In the figure are 
also included control runs of A. platensis cultivated in Zarrouk medium without 
zeolite and in Zarrouk medium without zeolite and nitrogen. 
 
Figure 2. Biomass production of A. platensis cultivated in modified Zarrouk 
medium with the presence of various concentrations of ammonia-enriched 
zeolite (enriched from synthetic wastewater). 
 
Figure 3. Biomass production with natural zeolite enriched with (a) ammonia form 
synthetic wastewater and (b) ammonia from real wastewater. 
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Figure 4. Maximum biomass produced by A. platensis cultivated with various 
concentrations of ammonia-enriched zeolite. 
 
Figure 5. Ammonia (dashed line) and specific ammonia recovery (solid line) from A. 
platensis cultivated in modified Zarrouk medium with the addition of ammonia-
enriched zeolite. 
  
Run Carbohydrates 
(%dw) 
Proteins 
(%dw) 
Lipids 
(%dw) 
Chlorophylls 
(%dw) 
RControl 18.77 ± 3.65 42.17 ± 3.38 2.02 ± 0.13 0.95 ± 0.08 
Synthetic wastewater     
R10 55.29 ± 7.87 26.59 ± 4.07 6.73 ± 0.48 0.46 ± 0.05 
R25 58.35 ± 2.07 28.69 ± 2.50 6.94 ± 0.84 0.53 ± 0.05 
R50 62.80 ± 4.61 19.19 ± 0.84 6.30 ± 0.24 0.48 ± 0.05 
R100 - - - - 
Real wastewater     
R10 65.31 ± 6.15 18.84 ± 4.88 5.82 ± 0.37 0.57 ± 0.04 
R25 61.56 ± 4.45 26.62 ± 2.81 5.77 ± 0.52 0.65 ± 0.03 
R50 57.03 ± 2.35 22.08 ± 1.35 5.00 ± 0.60 0.66 ± 0.06 
R100 - - - - 
 
 
  
Zeolite 
concentration 
(g l-1) 
Untreated zeolite AEZ synthetic AEZ real Control 
0    0.036 (± 1.64%) 
10 0.035 (± 4.06%) 0.025 (± 19.15%) 0.029 (± 2.39%)  
25 0.035 (± 0.38%) 0.029 (± 11.76%) 0,030 (± 2.00%)  
50 0.035 (± 2.93%) 0.025 (± 3.23%) 0.020 (± 2.01%)  
100 0.028 (± 16.60%) - -  
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Highlights 
 
 A new approach is described for microalgal biomass production using wastewater 
 Zeolite was used to adsorb ammonia from ammonia-rich wastewater 
 The ammonia enriched zeolite (AEZ) was transferred to cultures of A. platensis 
 AEZ released ammonia to the cultures and acted as the sole nitrogen source 
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